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(54) CLASS D AMPLIFIER 
(57)Abstract: 

PURPOSE: To provide a class D amplifier to drastically 
reduce interference in a radio frequency band and to 
hold operational frequency of a pulse width modulator 
constant as being independent of input voltage. 
CONSTITUTION: A hysterisis voltage supplying source 
42 is provided with a first differential amplifier 44, a 
second differential amplifier 46 and a multiplier 48. Input 
voltage Vi is connected to a (+) input terminal of the 
first differential amplifier 44 and a (-) input terminal of 
the second differential amplifier 46. Signals to appear on 
output terminals of the first and the second differential 
amplifiers 44, 46 are K (VS+Vi), K (VS-Vi) respectively 
(Ks are gains of the first and the second differential 
amplifiers 44, 46). The signals are connected to two 
input terminals of the multiplier 48 and a hysterisis 
voltage signal K2 (VS-Vi)(VS+Vi) is supplied to a window 
comparator 22 by the signals. A supersaturation 
resonant to suppress overcurrent when current is 
switched is provided to a driving stage of an amplifier 32. 
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(54) [«BM0)*W] DMHW 
(57) [Stt] 

*MW4 4±* W2<DiaWWB»4 6i, «J«4 8 <b 
SffLt^J. A^llEV, B, » 1 <D^»iifip§^4 4 
CD ( + ) A#ttT>t#2©lSH|iMW4 6© ( - ) A* 
«^£K«tt3hTl>S. *1RC«»2©*«WWHI4 
4, 4 6©ffl*Wf«:3Hh*fi#B. *ti*nK (V. 
+ V, ) % K (V, -V! ) (Ktt#lRtf* 

2(DMSftiiitif§4 4, 4 6©y>f» cftfcofi-^ 

^S4 8©2o©A**S J f-«C**ft3^ K 2 < v * " 
Vi ) (V, +V, ) ft*t^^'J^^«EfS#* , >^ 
> F ^J±$2^2 2 S. WW 3 2 ©IHBi©K: 




mmtmz^ti^in&t&m 1 mfm2<r>mwmmk z f- 

^WSffitf ifsff©^©^^*^ r. mfiB^fMWS 
^jlMSStCiff^Jfc nJfiSfQ •» 7 ^ h ^I^W . BufBififl 

i 2 ] mum i Ro'fn 2 ©gftinsgsi-?-©^ n 

Kifi^KSWfcftfcnJttfflyr* HI/4***.. frtBif 

»*iwiR-r 4ct <t -r ^t»>J?ra 1 tcssa© y ^> 
n-emsri2aaf»2<o«»«i*h9>^f (fet) 

•C* 9 . MIB^ 1 RC«S2 ©JB^flRF ET©KU-f> 
RCf V - * HhPC* •) . mi&m 3 Mf B FET© 

y-hMHF-r*-^, ISEf lOFETCV-^ 
B, fffiBft 2CFETOFM >4*F- iflTBSWIittW 
S©£# i (Cttitt $ tin > 4 C t t T 2 
CCiBiR© y » > * *Si§©tB;tllS:l5ISS. 

m^m 4 ] HtriB#N»m««a^s§«^ 
©y-Y*- F&fi*.. &y-r*- k©t>- FttfrtBSfr 

1R^2©F ET©V-*SS^«c-e-ft-eftS^£ft. 
tty-ftf- F©*V- F«BUlBmiR^2©FET© 

Slff*>S 3 ttiBIS© y f f ^ ^;l/^Sffl*SilSS©m^ 

[BW9S5] iflB»lR^2©y-T^-F«, H«fB 
» 1 2 © F E T©Sjtj®*i«:*5l,>Tf£l& 1 RO'IS 

2©FET©W(crtS3nSf lS^f 2®**^^ 
F"C**C t*#miT-5W5ltS4tCfBtS©^^ f 

[m^mei *ney-f*-F©#*Aafew«cRcatt 

4R»fc Ci^tti T4»3ia! 5 (ClBiS© y » 7* 
ji^gWHWBSClHasisltt. 
[ 7 ] ftffimS WiStiWS D J»*f «B"C 
*-BBWOB 6 tcfBtS©?' » f» y*SSSWB**lia©tti 
*ISIslS§„ 

8 ] b«isj£ i ©BfflgRJK^ttWKtt* f 5 

>y*£ (FET) -C*0. 1 ©SftlsISSSH 1 ©^ 
1 &tff& 2 ©«T«^ti^nMIBF E T© FU-f 



fSBR 1 6-2 1 6 6 64 

2 

y-^iS^c* 9 . mum 1 ©Sftdiss*^©^ 3 ©*$ 

TBMiBFET©y-Fffi^-t , £fe^r, BfTfBF ETOV 
-xMFi/-f>S^©-*«. MiB^SfflJttiS©* 
WtcJgttS ft*8*#J! 1 KiB*B©y ? ^ 3 ^IfSffl 

[ Ift&B 9 ] tSIBlfl 1 ©Si*© SS*^-©*(lffliSSS:5»ji 
E T© F u A >iST-{cS*l § n-r c» s 8 (ClEtt© 

[»«3H 1 0 ] Bfrtay-f *- f». buIbf ekdmsi 
affl-Cft F E T *#{CI*3i8l s n 4 ^ * - f -c* 4 

[IR^S 1 1 ] HUfBy-/^- FCC^JtCRC 088*19: 

w/c ci^Mitt 4 ft 1 0 cct sis© y y > a yVL- 
1 2 ] mu^mm^mt^mm d«j«ibs 

"C* *S1l#3B 1 1 KiBiS© y is ^ y AMWBWiS 
©W^SIilSS. 

[»«3B 1 3 1 mesa 1 omwm^m^mmm^m 

*-F*«it. tty^*-F©*y-*F*«l(ri8*l©B 
«3K3R-7-©»l©iB^«:SS»3ti. F©7 
F*!ff^ 1 ©@f*@Sg^©02©^«:Jgi^3 

ti-5.rt*JB 1 «ciistt©y » yjusf#»ra*e*is©Ui 

[ lt*lS 14] WIS y F tt. But BH 1 ©@{*HI 
SS^OM^itfi^fcl^t- ^ 1 ©Bf*lil88*^-icrt 

)K3 natt*^ 1 3 KtBtE©?' f yjusMWflwra 
^©m^isiiifgo 

[»*^15] fflBy-r^- FilWKR CUSSES: 

w fcsw»i 1 4 (ciBts©y ? ~> a y^MWSffl^ins© 

■v$> ztmm 1 5 (cgB«8© y » ^ ^ y^MSSfflJitis 
©tu^sniss. 

[ Itsffi 1 7 ] iff BIB 1 m$% 2 ©m*le]3gS^©3Hj 

spm?£zSjiiiiiif§©-73 «cj£M5>J(ctft w n 4 ^^ij©*^ 
^iSigss«s frta® 1 s^f 2 ©bm*ii8S^-?-©-*© 

Mj&jSflCCfcl^-Clg^ 1 RVWSZ ©HWhISS^T-©— * 
CD*f*tCF*3f®S ft&iH* 1 ! 1 (CiB*S©y s» ^ a yM/32^ 

*«««s©a*®@!». 

[s»*5i 1 8 ] mum 1 ©EgftBK*^©*©*** 
icRc isisstfsw <e> n-sif *s 1 7 tciBis© y ^> * y 

■c* -5>t»*^ 1 8 Klaus© y > ^ y JUS* WHWHS 



(3) 



6-2 1 6 66 4 



[ Ht3$8 2 0 ] tSffB oim Q VTZhMZs m&ffllffl 
[BURS 2 1] A*«ffi*A*«BE©S*B«c>ttia?r4 

^•ji'Xiiitt i>->-<)ixm^.mm^cm^ Sterne , 

EE^#a&V£*E»£#afc«l«'*"**®£. fiuiB 
«gft-r But BWWHS^^aROf S6«BE»*# 

[lf*II2 2 ] BUSB tXf'JV XfnVl/ X fll^^ 
"5it«S«:SSI«-r . WIB^ > F $tb*fc»*«r 

ib 7 y v 7-7 a -fictrnt^wtt . futa t x ^ v 

4#iL'C(,>*Ci4«F»i-r4Bl*B2 1 «C#Bi£©tX 
7* y vxS^-oi/^ifs^lltlfi.. 

[I«3J012 3] ffffB-f ^>F«?J±®S«. *ti*n* 30 

mk Axm* t sis ATas^F- tzm-rzmi -&&m 2 © 
Jt*as± . mizm^m^tsm^mwrn 1 ©Jt«ss© 

^SIEA*»^-iffrKfll2 ©Jt«S©SIEA*4Shf-i K 
SSBS-r S 3^ 1 5fffB8I^S4 Ml 3 9 -Y > F tt 
«S«:««-i-S*®i. WSBtxf x«BE«lft«© 
-^©MKF-ort©* 1 ©*-?-£flW3*& 1 ©tb«S©SR 
A73«-T-«:«M-rs<ti4)Cc. BirlBbXf-y^xiiJIW 
*&®©— #t©ffi^©l*J ©IS 2 ©iSB^ffjIBlg 2 (Dtmm 

S^WEfia&WfclWB? V > K 2 JM»«c8SIW 40 
i«iTl>5 C £ Sr^liiT *IH*B2 2 KfBtt© t 

[^©Sfcfffl&SiW] 
[0 00 1 ] 

[mutowmfmi c©»w«. D««Mi»«:M-ra 
*iS(cM L x t> mm °jmte *>©-e* i> . 

[0 002] 

[fi£3fc©«fi5] MHD8Wfi»©*J»K::bl»-C. tX 50 



ioT^stisx-Y 2>^>^jg^©SLn4e»iffliiT 
■2. tt«B©ffi rtt»© w^i* *r u r i > s . 

[0 00 3] 

D-C^CC^fT-So H 1 (C^-TS£3ft©lHlSS©!ft^Jl?R 

wr©^ ( i ) -cmznz. 

[0 004] 

[»1 ] 



2nf 



2CRV M V h 



(1) 



CCT> ±V S Wflt*&«E. V, «A*m-^*BE. V, 

Bt^f'J^lE. c«»^3>7=>-9-©^a 

(i : F ) , R«7 -< - F'< » #mnRZ?A7)fflinV>1&tn 
m (^14: Q) ^£*J. JMTlcfct^-Cttl^HJ*^? 

gi-rSfcfetC. A73Jatn<t7 - F^' f ^ffita«> * 

©■CS)-2>. 

[ 0 0 0 5 ] 0 1 ©[5lSg©St)flP^*st,>r, S ( 1 ) ©* 
2©5S«. W»A^<i#*)It?*SV 1 ^l^^rf^r 

v, ) ©^rn*Hcifi-5< ^, ( i ) ©^©^-rn 

^©Jltt-te-pKjfi^K o KlfPJSIiSSli. cnocj:o 
<t . /-0UXiH^i8&g<*©X -Y 5> ^> yjiI?St5!* 5 fST L 

[0006] Dgytitisw. 'bm. mm. ffiffits. 

C©ffi©i9*iS«. ttfptf (CM* L< ^C^^/S^w 
©SfeW^S.D-SoJ^'tt* 5 *-!). C©M,^^w©fiS5*f 

y 9=->^tcJ:o-C^.D€)fc©"C*>-5>o CylstcmMffl 
iraRWOiftStt*. *6»a«S©l»*ift4*J-€-ti*J**. 
[0 007 ] *#feW©@ff5«. ±fB©fi£*tS^CC*s^5 

[0 00 8] S6tC. ^IfeHJcOfee) r<)\> 

[0009] 

[»IS?:)S^-rS/cist)©#m£-e©f^ffl] *^©^1 
©«BRK«fcntf. S^^l©«^-£^2©4S^£?rfi^ 



' r 



(4) 



6-2 1 6 6 6 4 



(solid state device) b. fflEBttHB*^©— #© 

8Si S3Ufc ^ffi y T f F ;U%RWfc C <fc Zftffi. 1 1 £ 
[0010] ±fB©#f£BJ©fH 1 ©«RS{CfcW4STjS^ 

a*^jtci^^«ai«at»jaBB*a«Rw £ <t <t *> 
ft £ *%* WPR-r s «t 9 ic®f&? £ c t &x- * £ . 

[0 0 1 1 ] ±fB©#3fclB©#f&«:4Bt,»-C. ftTSBiBSSS-? 
«, m«»lSCKS20!WMh7>yx$ (FE 
T) -C**). Wl&Cttl^©*?**. tOFETCFU 
-fvRtfv-xSFPtNfc'J. ^3<Z«WFETOy- 20 

hiS^-"C4>0> Il©FET©y-xSfttl!2©FE 
T© FU-( >Witf«©tSi(c«itSJ: 5 

[0 0 12] $*5>fc:, ^WSftEzgilfSSSlS. {&R«. 
HlSO'I2©FETOV-^K7/'- K**J®tt3 
ft, !iri&0*l&2©FET©F W>ffi^t#V-K# 
3 ftfctS 1 B&m 2<D#J r«fiST £ 

[0013] Sfc. C©01Rc>•m2©5^''( , ^- Ftt. 
lN8B$ 1 M12©F ET©»*ag«:**»'Cf& 1 30 
$2 ©F E T<D*mcftm2tl&m l Rtfl&2©#tty 

[0014] fcfc, ±sB©»RS{cfe^-r. Hfria^^^^- 
- F(cM^JKRCIlB*58W£C£fc'5JflB'T?*£. 
[0 0 15] S&tc. f?ilBWSfflii*aS«. DftHHBS 

[0016] £fcMtc. HuiBpJfiafflUTi' h«, MIB 

jiSS£W-r £ t* - X-C$t;#-f £ c £ *s-c £ £ „ 
[0017] *»W©»2 ©«RR«cJ:*i«, A#HE 40 
4, ;-c;l/**i* s A#«E©;*:# $ tcMtCUfc/^^iH^ 

mff%«i*&-r£-)»t©»7-*«^fc?iii«*&ts<t. 
f- y ^;7..fliE£«*£-r s-*f ©is^ifli^ft: t x ^ y -> 

t^-j-t, miSBt^^y^^SEE^M* 3 . Ss^St. 
*Si. A#«E*ffl*E*6£*KRa t S£«E»£#» 



cf s«Ef6^*s* mnmw-^cmmt h t , its 

31*5$^ 3 ft£. 

[0018] *«M©»2©«)i£«:*JW**f***fcW«: 
<fcfttf, t^-r yix^^Jl'Xitil^PIIIB, S^-Si, 
^-^F^MthlS^i. t^f'J^SBE«*S«i. ? 

y o^'i, A^MEia^sccEnfln-rs^e 
<t . t * f- y 2/^«e«m&«* f -f > aftt«*K« 

[00 19] 3<E>«:> >?-r> F-?^tt^H«> 
^n^n^SKA^Jift^iSRAAMI-T-iJ&W-rSfflF 1 

Ro'fir 2 ©tt«s-r««i63 ft. mtB»#3§£ o j>vv 

iCffii^-r£#®i-C«fiS3ft, mi2bX^y->*mE« 
J&iSi^-OF^Stb^i^^-r^lS* 5 , t^-r 

y j/xiffMio-SoSffort©* 1 ©»?-&t& i 

©hb«H©Jgfe A^^^tc »|*-r £iit>ic. bXr'J 
->^SE«f&®©— *f©ffi^©rt©^ 2 ©JS^F* jp 2 © 
Jt«SM>*S(KA*«^-K««t'*' £#©t?* £«sXiT 

[0020] 

[XJSW] iilTK. *^©H]ffiWI{C-o#3Sff0ffi?r# 
H©«R£(Cot,^-Cia 1 £#HSUT!&0J-<r£= H 1 {ctel,> 

t. mmifc&i ob, mati/atJi'-'fes^? 

i7^ttSLM8 3 3©d3© llelSS^tblS^^ffl^^ct 
©-C. S^St*9"liS«lfiSt?*0, ^-©SteA^ii^- 

( (-) A^ffi^) «Cs A^ffi^l 21:^1,7X^1 
Eff^V t *SA^Sft£. MSfttifiHl 0©#SIkA^ 
MHF- ( ( + ) A^S^) tt. 8«3htl>S. S^3> 
f>fl 4», MttWaSl 0©W*»?-i <-) A* 
Jfg^-<{:©lffl«:/rJ¥3ft£ 0 ^ttiftaS 1 0 ©W^Jffi^ 
I*, MKMffiSl 6© (+) XM%J-tm.Mm&%i\ 8 
© (-) A#^£K*ft^ft*S£;*ft£o UttiffBS 

1 6© (-) A^ffiT-li. — ^©tB*lEV h 
£tXfy->^mEjS2 0 (Siil/Twt) ©— *© 
ig^Clg^SftTl^. t^f-'J ^SE?S2 0©ffi# 
©4SdF«. ^ftifiHSl 8© ( + ) A^iSS^-K^MSft 
4<kit«:S*3tiri»£. MIftWIS§l 6, 1 8tt, 
■€-ft-eftm«^^a^^ "bS3>^$MLM3 

1 9<Dtp<D 10K^©ill!l*iitIS-C«fS3ft£. M8b»S 
4BS16. 1 8*e©J:5K:lgttTac£«:j:oT9-f 
> 2*i1tfiKSft£o C©^W> F-ftbKS 

2 2 ©iU^ffi^- 2 4, 2 6 tt, gftttiUS 1 0 A> 6©ttS 



' r 



(5) 
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^2811 WAtfT-Jl/ • W • (RCA) 
CD40 1 l<D4[BlSS(DNANDy- h<D^CD2 [§IS8# 

JH*. 3**Me8. "Tttto 3 2te«l&3*i 
So «#*Ml«3 2<DHJ*tt, *ffiEtSftW3 8K*tbT 
H^J^§n/c^>^^^3 4t^iJ^5ti/c3>7 :J io 
>1f 3 6 ^W*MtM§tl 

? -/ - ? ^JSK§I3 9 feftUT^BWiffi 

si o<d (-) A«ii$n^o ccoias^Fpfl® 

■SffiMBSfp.. P-^7^l/>3 4, 36£® 
MOT, h7>^f*-tt*5#^3>fjV3 8©t 



* [0 02 1 ] H2<0HBCC*J^r. fc Xf- U VXSEEV 
h u, ^<;l/X*EEBie3 OOttfPHSS&f ... **A*« 

So 

[0 02 2] 
[8ft2 ] 

tf 2 ^- FJCK. + IT) (2) 



yi 



<v, -v, ) mtK (v, +v, ) cne»« 
4 C v h ' £±f2©5S; < 1 ) «c 

RA-T H2«:^-rialB8©»flPJa«a»f ... tt. « 

[0 02 3] 
[ft3] 



(3) 



[ 0 0 2 4 ] 12 2 (.Cm L tri&M 3 ft/c DWffl f g£ t > 

t^'j^wsE (v„ ' ) &fe*5E4 2tt. mi(omb 

i*H»4 4<b. *2©3Bft«WiS4 6i. S»^4 8i 
A^/SffiV, tt. »10^iWWB«4 4 
© ( + ) A*«-7-i»2©iatti»«S4e-0 <-) A* 
Jft?-£fcffil(k34m»S. »i©^»bii*aS4 4© 
( - ) A^ffiT-tt. -v. isn^tg^sns. I2©i 

W8fiS4 6® (+) A#ifr?-tt. +V, tfhf-tcjglft;* 
n-5. fct, SnR0 ! #2©g«»i|§B4 4. 4 6© 

a*Btf«:3Kns«-^B. *n^nK (v,+v, ) . 
K (V, -v, ) ttaz. tete, K(if lWf 2©i 
a&*t*ii&4 4» 4 6©^v >£*vt/££!re*£. en?. 
©*§#». *#S4 aor^oA^wsisn, ± 

15©^: (3) T^iShiK' (V, -V, ) (V, 
+ V t ) tmt^f'Ji/XiEI^V, 
F •? tb&IS 2 2 & . U-oX. S 2 KSVT 

GC*$C>T. ^';bxi|ig^l8i§4 0©$M1^"i££fcf ... I*— 
j££tt*K A*HEV, {CfcoT^fcb&O *>©<!: & 
4. ffriKC8ll2©g«lWiS4 4. 4 6WfIS4 
8», P-A(R0HM)*±^BA6 1 1 0ffi2=J> 

y#*>x?g?t*ttiH'SK:J:ot\ -twtLTjiJi-r-sc 

[002 51 13 tCijVr J: 5K:. DISit1iig§f*> — «tc 



^-f:*- Rcj£1IEE ; £:EPJjnUJ: i 5<i-r&,, d^-Y^— Ftc 

$-C^{CA*&iS»«flS ( r*>»- hXJU- (shoot thr 
ough) J £l&£-<rs. «ffifjW8JfeT*&. AUK 

^iitBsns. c©i^^**-«> c ^ u/ciHisg©wjfp 

(c#K[-r-5S*L< tz^%MffitiFF& (RF I ) €r^D 

[0026] c©raja=&j)?ffi-rsfc«i)«:. Hstcm-TD 

*Rtf*aS«. t«Jx«^T^et*"X* (Toshiba Amobead 

. Sf»is«) ^©SiSjSiSttpI^fa ') T 9 h ;u 

40 ■^9 : ->yfflMOSFET©KU^>ffli|*»Cfi 
F©ffl(C>ttL'-Cia?iJ(cBeg-r-5fe©-C*)-5>o 
»tt oJfi§fii 'J r ^ h Mi, -te'a m*(c $ 6 5 *^ 

i§£. c memmemmz titcmmmitm&ma y r * 
so ©SKtc+»a-f>fcr-^>x*#*. 2V*-Ftcg 



9 

as tittnwtfijz o /Jns c»«8fcrfttH s ft & <t 5 cc-r 

[0 0 2 7] R F I iJsKi*^^-©^****^*^ 
dthrouqh) 3>f>t»5Ci&<ihfcRFItt 

jK5 0R, HlZ5LU r H2©SR^y^^ny^2 8* 
»*B3 2©IHttRtt. «*£<DiBftKK*& 
ifl^5 2Stf- »(DMOSFET^>f 4. 5 6£ 

FP-7l±i!MTP5 ON 0 6 EiMOSF ET4ffiffl 

JimtiSrc* m#*SRS**S(E»*l85 2«:«»S*i 
t^5. -rttt)%JR(61««S5 2tt. ^^^54©y 

tifcWiMi#** ^56 cd**- h co&f&r&o 

B0iWtf6nw4. *-f*-F58, BOB, X-f 
^54, 5 6<D^B*tCCn6©^^^^5 4. 5 6 

8BB— ©^y*--^rtKJKJ*Sti, ^5 6, 6 0fc 

4 , 5 8K/c 5 6, 6 0 IfflCC ttJ*»3»BSRB 
r*£o MOSFETX^**54©FU^>W«MI& 

y-ftf- F5 8©*V-Fitt 4 a^aaw*6 2*^u 
-c+v s w^cii?nti^ 0 MOSFETX^ 

9 * 5 4 ©v - xmmm i#-f*-F58©r>-F£ 

tt, e?U^>^*^3 4^^0rri>f r >1f3 6ifi^ 
3 8©&3*J@BKJ8»3n£. MOSFETX^^5 
4CDy-^WaWRiy^*-F5 80T>'-Fttt, * 
^§#2«*6 4&CJ;0MOSFETX-<f^56©FU'-Y 
^fflJaJWftRtfy-ftf ~ F6 o©#v- Ftc4>^$nr 
MOSFET*^**5 6©V-*«^£^ 

lBI$£ft<& 0 MO SFETX-f 7^54, 5 6^-^^ 
^>^8bffttHC y-Y*-F5 8, 6 0<DW48«:*Prt>4 

£V*-F58, 6 o^efta?n^«)S<b, fflWZti 

^S^(Ci*6 2, 64CC^AbJ: ; 5i^^^V^- 
F5 8, 6 0*©«Sfttt, pJf&ffl'JT* h^6 6tt<fco 

tii^n^o >J7^ h;u6 6Bhb?5Wism^~cts?aT 

&©~C\ 2lf*6 2, 6 4 

^f* 6 2 % 6 4 (D«SEcofiKn©*r«j**si6*r swiraco^ 
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f)\ *yt«aw*6 2. 6 4ccmss*^nrt^cCi^racc 

fct^Ttt, WfflafOVT* F^6 6tt, H3©leJ£§0COi,> 
[0 02 9 ]^, J:i3#*iettia4«:oCiTttWr*- 

$ n/cSifflieisgR c;*^ * tew s nfc t" . 
ft&^g^&&©-c*>fc^o 

[0 03 0 ] AM^V, (CfctfSa^-K^^^ 
WiLBt^3t^"b5a>«*tl«LM8 
3 3 ©* © 1 @|{g^(Z>A^MttWIffi 8 0 tC <fc o T*T to 
V t tt % MSj«t*iS8 0© ( + ) REX (-) A2? 

t&^ccSttsn*. raoi o kQcDA^ffiin^i 2 • 

tt, V, S^<hi8»»«S8 0© < + ) &v (-) A>b 

^t©iB(c*n*niBW«:RW6n*. 22. uq 

0 ©ffil/tgRCM 7pF(D3 ^^©ifc^JIIIS&^tf ? 

(-) A^i^icoratc/rjf $nti^ 8 pj-©rc* 
?ij|pi!SB, »tt*»««8 0(D (+) A*sa^<t*a«# 

[0 0 3 1 ] ^ttif SS8 0<DtB*^R^ffl<t^ 

b, |p}0 3. 6 b^Qomm^iy^n^nm^m 

nmW& 1 0© (-) Rtf < + > A^WHF-CcSttStir 

us. wra©<t5«:. t^iiwtisiofesft:, 
blm8 3 3©*© 1 muft. mz&mmcDmm&-o 

0 tit IB— ©LM8 3 3*T-©*©M«[jtSiHS8 0<hU 

r<gffl3n4fe©©«o©iii^ , c«^3tiSo fifo 
+ v s f«»«g8 oo)8#b->tcgi$nt 

-lEt*4-V s It SIIWIIBI 0<D4#t:>K:«s 
B^v^ccjpturtTton*. 0. oo33^F0»^ 

>^>*l 4B, ^ttif^l 0©ffl^ffi^<b^© 

(-) A^ffi^ratc^jfsnSo iMftifdsi 0© 

10 <+>A#WF-tt* 0. 00 15/iF©3>f>m 

Uti«»BBl 6© (-) A^^cs^sn, 0. 

0 0 15 uF©3>f r >it^0Titjlff#^cMiK3 
n^>o ffa©M9, SIWMI816, 18», 9-f>F 

•5th®«2 2ibr*fiEsn, ^^>3^;u '-fe^y? 
**tt«LM3 1 9*a@»*ffl^r^i3n&. c© 

SS-T-tC, 3. 6, 8*tf>tt-V. fftJSffi^ (^ + 5^ 

[0 0 3 2] S»ft»liSl 6, 1 8©ttJ^l4ST-24, 
50 2 6B, S R7 'J 7 7*7 a 7 7*2 8 © SR^'RA^ 
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RCA%k»CD4 0 1 1 B12A*NANDy- MH« 
HBS<D*<02@B»©2A*NANDy-h8 4, 8 6 

>B, -V, <f +^-) K8*Shi. NANDy- 
h8 4(Dlll*«i-7 : tt, NANDy-h8 6<D^0©A* 10 

js^-fcsa&sn, NANDy- h 8 eo&jjffi^-tt* n 

AND^- h8 4<D»0©A^*S^«:^3tlSo CD 
40 11 B©)S0©2iK»©NANDy- Kt>*ft<e 

[0 0 3 3 ] tH^JF E TB, 2 0Sg©tBS«:l*l— (DttiJ) 
|gg(jlp]5S8 8, 9 0K:<fc?)IE»)3*i£. «T©t# 

FET9 2©y-hliiCi^?nSo C0FET9 2 20 
B, ?|i«2N7 0 0 0IFETtTCn^o FET 
9 2©V-XB-V. *c«*i34v KI/-f>BlkQO 

V s «^^)o FET9 2©FU-Y>B*/c, 8 2 
Q©*Stt2§£/rOT, WJNPNRC;PNPh7>^ 
X^94, 9 6<D*S^3*lfc^-^tce*iStlS. Cti 
6©NPNRtfPNP f^>^*£9 4, 9 6(t 
B2N4 4 0 lSO f 2N440 3Sh7>^^«n 
^tiS^5n^) 0 F^>^d? 94©nU^*B+3V 
. $c£g^3ft&o h7>y^>9 8©aU^5'B, -V 30 
s fcgSBSSftSo Cft6<Z>h^>^*#9 4, 9 6CDX 
=• ^ *B. tHE«:«*S*irKibHB8 8©a*«W-9 
8£«*£-f& 0 j8S6@8S9 0(D*flSt-^ttl^-T-B, # 
Bgfj-sf l o or*3*irt>£ 0 
[ o o 3 4 ] in 3 <D9mmctew z>&mt>f?y % 

54, 5 B&ZfCtlfcmMZtlZy^J^y 

F5 8, 6 0B, 04(DX»J^te^tB^tl j e^(D 

FET54-U54-2, S^F ET56-U56 

-2r«iS$n^o fra©<fc5tc. 7v'a*v*¥4* 

-FB, FET©*^«^FETrtfcrti«3ftS. F 40 
ET54-K 54-2B, *10ttit (FET54 
- l(DV-X<DIES{4^FET5 4-2<DFU^><Dli 
ffiJ:0«>*<tt5l*«:) . + V, £-V, «mB©0. 
0 1 MFCDn>f r >1f 1 0 2*35«T£fc»©glf&<!:l/ 
t«ll8T5. FET5 6-lfttf56-2B, JJT 1 ©tt 

mx\ n>r : >^i o 2<Dmm&zffif&is* mzoit 

m~C (FET56-2CDV-X CD IES&# FET56- 
1© FW >©«{4<fc9 fcW< &SH*CC) , +V S <h - 
V s 4SS J F-|fflcD3>f s >1f 1 0 2 4^-rS/c^O^Ki 
hXmOittho FET54-lRff56-2©KW> 50 
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B+V. CC«*fc3ft*. FET5 4-2RW5 6-1© 
V-XB, -V, PET54-10V- 
^RU5 6-l©FU-f>tt, ^tl-enrJ>-?>1f 1 0 
2 Rtf 1 Q © !/ > ^WJBfi^flStSS 104^/M 
TFET5 4-2CDFU-T>RO*5 6 -2©V->UCjg 
ttSntC^i. FET54-lM54-2©y-h 
B, 0 0CC«*i3ftTl>4. FET56-1W 

5 6-2®y-Ht i(hf-9 8«:SSSI3tir^S. c© 
J:MtFET5 4- 1 , 54-2, 5 6- 1M56- 
2B, y ] J y77Vv7'2 8©Qi$!T* (4#t'>) SO' 
SKQiS^- (3#tf>) Ccfctt&X-Y **>*«EEfc2S 

+ v s &e>'-v 5 efflr3>f>ti0 2© 

^E^Blit^ FET54-l©V-XStfFE 
T5 4- 2©FW>*p6 10kQ©7^ Krt y 
JS§3 9 \ 3 9 ' */M,TMtt*tMSl 0© ( + ) R 

cm-) a^sb^©? -< - F'<**iBS#**i*ttJi5 

[0 0 3 5 ] Xf-* 3 8SO'cntC 

Ria-T SHIS 1 0 6 B, 3 >f r >1^ 1 0 2 iffitniS 1 0 

HitTSigBl 0 6B. FET54-2M56-2(D 
S^©KU^><b@:^J(Dl(pl«#©pIfiafPUT^ h;l/6 
6*^n*S. «;7^h^6 6B, fBE&Ci£ft#Ctl3: 

tt^n, @s§i o 6 tt^cfct^i?s©sn(c^t^4G 

/d®^t , 0 T 2 F )\s 6 6 tt><Dfi5^tB5CcJT ^ *S U £ 
9<fc5fc«j£Stt*. 9i*t0^>^*34-l 1 
34-2tt#';7^ 6i^b^^3 8 

CDlfflCCiS9iJ«:»»3n&. — S*<Z>0. 39^F(03>f 
>f 36-h 3 6-2B, ^b'-^3 8 ©ffiSS^KKc 
iEWcJffiBfcSftS. 2. 2 / LtF<Dn>r : >^3 6 -3 
B, iS^J©^^^ 3 6 - K 3 6-2 bH&\K.Wtk 
3ft£o 3>f>t3 6-U3 6- 2d:(Dli^ 

[0 0 3 6 ] ttfWCCB, ^>^^34-L 34- 

2©ffiiftcs»snsx*^-©ia^Cci:^TjaKs 

1 0 4t3>f>H , l 0 2 £©RCfi?iJ[HlSgte;W 

Ctl6©^;UXB. 18/xF, D 
C3 5V0Dr3>T ? >it 1 1 4, 1 
F^'J^^WiSl 1 7te88ttSft5. C(D«*» 
117B, 2 0 QflDfiJSg^ltX^ ^ia»U/c 
+ V S iST-CC^StiTC^o 1 7B, Cti6 

CD^ , ;l/X^^?ji£LT+ 3 V 5 C[>«aa%«*&TS. +3V 
s ©SMB. 120mF, DC3 5V03>f>tl 1 
8fcJ:9»?ftSh, gfS3n^> 0 C©n>-r>lfl 18 

+ 3 v, f)m$hm&8 8,90 cce^i&sn*. 

[0037]*^ K* (V s +V t ) (V s -V t ) 
»*«4 2CCBBL-r»Wr-5. K 2 (V, +V t ) (V 
. -V, )#6£«4 2B* fflS=«>y^*>^iB»»« 

MSB. m«o-Att«BA6 1 1 0^fBtHlS§l 2 2 
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Vffif&ZtlZ. S»iRl22©I. be 4frpr**4# 

V, tt, 1 OkQO^»J«fSS*^Ura«6iWl»8 0 
©B*MHf*6IWIHBl 2 2 CD ( + ) A*«W- < 1 * 
b">) fc88BI3*i*. + V S B, 1 0 kQOfiSBffiKS 
t^Lr#iaEIBRl 2 2© I d ffi^-(3#tr» tcjg^ 
SnSiit^, 2«BW©W><-tT*y-/*-- F <« 
itflSS13 3M#J*~ F) <t 1 OkQClWata 
ai*^LT««H»l 2 2© <-> A*«T- (2*e 10 
» fcJ&KSft*. +V. B*fc, ilWIlHlBSl 2 2©7 
R^9#f>{CS«3nS 0 — -v, B, ^SIhISS 

1 2 2©5*tf>«:jft|jfc3ftS. fflS=i>y^*>^?a 
miHl 2 0<Dffl^4S-?--C*^6#t:'>B, 15kQ 

fy^bt-V, 3 0 0kQ©Jfi 

s<to-c*«t$ns*aft««»i 24© ( + ) A^flB^- 

^*ig#© (-) AMwsisnti^o MSb 20 
(-) AWSWAA^n^o shkmhibi 2 4B, w 

Atf, * hO-7tt«©MC3 4 0 7 4^4H?SA0H 
[0 03 8] H4©HB©aaaffi«K:5 h 

o'x 5 ^ ^3 >f > 1 1 4 ©Mtacfi ? * 

i^n/cF7>^^ 1 2 6^ri^ 0 

5? 1 2 6©^-XtC^ a- hft^^^^^^Si, n> 30 

1 4©H«©«EE^J®»3nS. ^-FF^> 

2 0©I abc Mfr?-fciBK3ft&. F^>^x#l 

2 lOOkQCDJSCtg^ltSa-h 
fl-sfiKteSSKSft. 3 0 47 /iF©r3>-r>1f 
^/Mt-V s K«ttStt&. h7>^*12 8©x 

©^-^{c'^-nt^^^nsi, fgS3>^^ 

1 2 0©I abc ff-^ (4#b*>) **- 
V s W^Jo h7>^^12 6S^12 8tt, 40 
m«2 N 3 9 0 41 h 7>$>X %~Cffif&ZtlZ> a 
[0 0 3 9] i>5~ "^©5 a- h 130© 

s.s i 3 3a^vt- f*©»s 

&^^t-F4^t 4 &IBIif|nl8g8 8W9 0©FE 

ooxs^it -v s ccs^^n^o 

3 0©<-^t 1 0 kQ©ffiinS£^OT 5 Mf 
#-V. CC^aiftSnSo h7>^*13 0B, fltetf 50 
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2N44 0 lIh7>^n*3^o 

[0040] n 4©*f *igfc# mummm<Dffij&j)m 5 

^Snrc^4. ^1LC7^^13 2B, DC 12 
V(D$Sffll*f(D2V s tt*&jHCC«»3ti4. «#&8H 
(DMW&^IZ-V, t^Stltl^. 7^^132 

«*&*WSIffltC^#3tlfcO. 0 47 ^F(D3>f 
>1fl3 4<b, n^T^lf 1 3 4©M^teJ8*&3ft/tiS 
5U© 1 0 0 mH©-<>##£ 1 3 6i 1 5 0 0 /zF, D 
C 1 6V©n>:r>U* 1 3 8, Rtfn^f^tM 3 4© 
W««:«tt3tifcia?»J©l 0/iHO^>^^l 4 0 t 
30 00/zF, DC1 6V(D3>f>1fl42(b^l 
-Y>#^£ 1 4 0 i3>f>if 1 4 2 <t©^il 

1 40i^>f>f 1 4 2 <h©^MST-i-V s 
«fc©lffllCSW6*i<& 1 kQ©ffi!fi«l 4 4RO^^t- 
^t-F146 («!|i«lN5246BI7*t-? 

-f*-F) ©e^jigiKcccfcotraaffi^ssistiS. ffi 

tfiBl 44i^xt-^t- F 1 4 6&©fl&Rj£B> 
1 kQ©fBtng*;ftOTPNP h^>>>X£ 14 8©-^ 
-XfcUg&SftS. h7>^^14 8(t Witf2N 

48©x^^B+V J icSSKSn. 3U**ttPNP 

h^>>>x^ i 5 o©^-x^ig^$n6o c©pnp 

h7>^X^15 0B, Wi«*Fo-7ttBMPS- 
A5 6SF7>^^t»n^). h7>^^15 
0©X5^tt + V, &cSfi6Sft4- h7>^^15 
0©^-*fc> 2 kQ©SStnS^^br + V 5 *Cg§B&3 
ti^xbit^ 2kQ©ffi8tS4/MtNPNh7>^ 
X£ 1 5 2©^U^^CCjg^^n^ e h7>^^15 
2©x^^^?B-V s tcasKStlS. h7>^^15 
20<-XH 1 0 kQOimm&ftUX ON/OFF 

FP-7ttSMPS-A0 6SF7>^^r-M 

[0 04 1 ] h7>^^15 0©3U^^lt X^fy 

5 0(D3b^^«, I?«i$tl/c3 3. 2kQ©}J£ 
JaS15 6S^6 8. 1 k Q<D«Et/ig 1 5 8 */M,T - 

6 . 15 8 ©ftaST-B, ^Bfrif »ig 1 6 0© (-) A 

6 8 0 p F©ra>r : >-9-?:/M^T^nS#© (~) A# 
4SF?-CcS«l3tira*©7 -/ - F^7 ^ms**^ 

a3WCcSS»3tifc 1 k Q©ffiSxg 1 6 2SW5 . 1 
kQ©t£ttgl 6 4(1 h7>W*15 0©3U^> 
«»ffitt«a 1 6 0 ©tofriB^ fc««-r F7>^ 
^166 (Witf2N44031F7>^*) ©^ S 
yjrtt, F-7>^^ 1 5 0©nU#£fc:8^3*l£o 
h7>^^16 6(0<-^tt, I!Agl6 2, 164 
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1 2 0 KQ<DWn^l 6 5&tf2. 7kQ©igta 

si67 itstsfsymwmnmt lx-v, icmm 2 *i 

5„ ffitnH 1 6 5. 1 6 7 h 5 >5>* * 1 

5 2<D^-ZlcW;%h2tiZ>. h7>y^$16 6©3U 
4fflitf>J<DJIH>'-?^T^^^*-K (ff)A»lS 
SI 33SWt-K) 168&X>'5. lkQ©ISlnl 

7 0SMT-V, (csaftsti-ct**. y-ftf-Kie 

8 iffiKH 1 7 0 WaS 1 6 0© (+ ) 

». H5©3cJ£ffc3*lfc+V. *«JiW*. PI 10 

— ©RCMMUBS 17 1B, -£*l-eft 1 0 k Q©Jgt/iS 
172<b0. 047 /iF©3>f>tl74i^Wlt 
teO. aseffcStifc+V. SHF-i-V. iffi^<t©IWK:fi: 
j>j«:gs&;**rc cn6 2-o©RC[5iss i 7 i©* 
iWHSjUWNIBl 7 6© ( + ) A*«hP«:««Sti 
RCHSSl 7 ltt. +V S <fc-V s <fc©P^©S)I% 
l/2ToiC^f!lT-S. C©SEE«. y-OlOJSdg 
tL-r*fiR$nmS*tiHSl 7 6«:<fc->-tiif{B;**i. 
04, H5©@»g©ftjiff^iL-Citi|iISl 7 6©Ul^l 
«hf-J:»)«*ft3ti4. 20 
[0 0 4 2 ] 04© Y=7>VX% 1 2 6. 1 28SO*l 
3 0K*t1-4 3a-mf», 4. 7MQ©}StSS18 
OiO. 3 3uF©3>r>fl 8 2i^6^-2>i£^JR 
CiS^iaKi^L-tagefkSftfc+v. *«J:>)*fiR 
3n-5„ c©a^ij@as«. *je<bsnfc+v. 

1 8 2 <t©^a»?-«. M«b*9*S3§ 1 8 4© (+ ) Kt) 

wmc«tt«sft-s. imm^mu. mmmi 8 4© 

( - ) AA«fK«ttStl4. BIBS 1 8 4 <Dmt>m* 
tt, 1 0 kQ©igtniil 8 6M1 kQ©ffiia3ff 1 8 8 30 

1 8 6, 1 88 ©*«*»«. W^-tf 2 N 3 

9 0 41 h-7>^*£"Cfl|fiR;*ft.&NPN h^>^X£ 
1 9 0©^-*(C}gifi3*iS= h 5>yxdf 1 9 0©x 
5*£(i. -V, (CSii?nS. 

>yx^ 1 9 0©3b^^(cf6^3*i-S o C©h^>y 
X£ 1 9 0©:ni^£«, 5. 1 kQOffimH^/r-LT 
+ 3V, «J£?S (04#A§) te«tt3tiT(,»a. t^is 
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16 0. 176, SO' 1 8 4 «, tffljtfcf^ vVr iiiHH 
124 (04#M) ^ifl. ; &la-7ttMMC3 4 
0 7 4M4lsI8SA0?S»iiPIIIIiaiHl8S© l 4 : '©3 [HlSgr- 

flairs c<h#-t?#s„ 

[0 04 3] 

i&w<d%}&] ±sa©«fc J 5tc*#iBj{c«fcn«. agsuaft 

tf , /^^♦BaBHS©«M^Ja*»*A**BE4 <t 

[ia i ] «e3fee»BKj:&t ssx'wxmmB* 

[0 2 ] 7|s:|6BgK:j;^tXT-';'>X^-;bXiliI^i)IIg^^ 

ts; t, d »fitis©©£BS* m mm r* & . 

[0 3] *«?B«:J:SD»«»*i«OW«plHlttSiytH«3gl 
|51US*^-r«lB5lHlK0-C* -5. 

[04] *^©— HSfeflfl©— gP*«fc0»«BCC^-riBl8S 
0"C *>-£>„ 

[05] ##PJ©— SU5S04©— SP%J:»?»*fflK:^-r|n|8S 
0-C&5., 

[^©taw] 

1 6 nwfftis <# i (Dttmm) 

18 MSftifiJifi (*2©J:b«S) 

2 2 ?-f>F$Jfc«8 

38 ffita*^ 

4 0 ^VbXig^pJg 

4 2 t^-f >;s/^*HE«*&» 

4 4 mwsim® <#n«Eis£*a) 
4 6 mwswmm mms.^^m) 

4 8 

54.5 6 ttJRAJKh 3 (f lMf2©i 

5 8.6 0 F 

6 2.64 ag<$ 

6 6 lBj»»tttr-X 
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